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p-channel doping n-channel doping
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Tox = 4 nm
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Gate Voltage (V) 













= 0.10 µm 
L
 
= 0.10 µm 
Vd = 2.0 V 
































Vd = -2.0 V
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L = 0.25 µm ÕIÖ
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|Vd| = 2.0 V 
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Wn = 2.0    m
































Vdd = 2.5 V
Wn = 2.0 µm
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L = 0.5 µm
L  0.3 µm
L  0.1 µ
Vdd (V)
300 K
Vdd = 2.5 V
Wn = 2.0 µm




















































































































































































































































































































c) L = 0.1 µm               
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Vdd = 2.0 V
W
τpd n 32 psec/gate d 2.5 VW
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Wn = 2.0 µm
Wp = 3.0 µm
L = 0.5 µm
L = 0.3 µm
L = 0.1 µm
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Contact Size K (µm)
ρc = 5 x 10-7 Ωcm2
ρc = 2 x 10-7 Ωcm2





I  i ulation
L = 0.10 µm            
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Contact Size K (µm)
K
2K
L = 0.10 µm         
Wn = 2K µm
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Fig. 2.A.2 RC ûü
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( )[ ] ( )[ ] ( )[ ] ( )[ ]2/53exp10/552/53exp10/55)(1 tttV γγ +−⋅++−−⋅−=  
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( ) )/exp()/exp(/exp)( 1312111 τγτβτα tKtKtKtV ⋅+⋅+⋅=  
( ) )/exp()/exp(/exp)( 2322212 τγτβτα tKtKtKtV ⋅+⋅+⋅=  
( ) )/exp()/exp(/exp)( 3332313 τγτβτα tKtKtKtV ⋅+⋅+⋅=  





























































x ö 0 < x < Wg) 
ﬃ
./















ttxiLtxiRxtxV ∂∂⋅+⋅=∂∂− /),(),(/),(  
























0)0,( VxV = ,   0),0( =tV  


















x=Wg ö Wg 




















































































































































































































R R R R R R R 
C C C C C C C 
È#É5Ê
Ë Ì





































































































































2.A.5 RC àáâﬁã	ä*åﬁæåäﬁç*èéêëì  
íïîïðïñòôóöõï÷ïøôù







  	       	     
  	     
 
[2.1]  G. A. Sai-Halasz et al.

IBM J.RES.DEVELOP. 34 ,452,(1990) 
 
[2.2]  M. Aoki, T. Ishii, T. Yoshimura, Y. Kiyota, S. Iijima, T. Yamanaka, T. Kure, K. Ohyu, T. Nishida, S. 
Okazaki, K. Seki and K. Shimohigashi: "0.1 µm CMOS devices using low- impurity-channel 
transistors(LICT)," International Electron Devices Meeting (IEDM) Tech. Dig., pp.939-941, (1990)  
 
[2.3]  A. Toriumi, T. Mizuno, .M. Iwase, M. Takahashi, H. Niiyama, M. Fukumoto, S. Inaba, I. Mori and 
M. Yoshimi, “High speed 0.1 µm CMOS devices operating at room temperature,”  1992 International 
Conference on Solid State Device and Materials (SSDM), pp.487-489, (1992). 
 
[2.4]  M. Iwase, T. Mizuno, M. Takahashi, H. Niiyama, M. Fukumoto, K. Ishida, S. Inaba, Y. Takigami, A. 
Sanda, A. Toriumi, and M. Yoshimi, “High-performance 0.10-µm CMOS devices operating at room 
temperature,” IEEE Electron Device Letters, EDL-14, No.2, p.51 , (1993). 
 
[2.5]  T. Mizuno, A. Toriumi, M. Iwase, M. Takahashi, N. Niiyama, M. Fukumoto, and M. Yoshimi: 
"Hot-carrier effects in 0.1 µm gate length CMOS devices," International Electron Devices Meeting 
(IEDM) Tech. Dig., pp.695-698, (1992). 
 
[2.6]  S. Inaba, T. Mizuno, M. Iwase, M. Takahashi, H. Niiyama, H. Hazama, M. Yoshimi, and A. 
Toriumi: “Impact of contact resistance and junction capacitance on the switching performance in scaled 0.1 
µm CMOS devices,” 1993 International Conference on Solid State Device and Materials (SSDM), A-2-5, 
pp.32-34, Makuhari, Japan, (1993). 
 
[2.7] S. Inaba, T. Mizuno, M. Iwase, M. Takahashi, H. Niiyama, H. Hazama, M. Yoshimi, and A. 
Toriumi: “Inverter performace of 0.1 µm CMOS operating at room temperature,” IEEE Transations on 
Electron Devices, ED-41, No.12, pp. 2399-2404, (1994). 
 
[2.8]  S. Ogura, P. J. Tsang, W. W. Walker, D. L. Critchlow, and J. F. Shepard: "Elimination of hot 
electron gate current by the lightly doped drain-source structure ," International Electron Devices 
Meeting (IEDM) Tech. Dig., pp.651-654, (1981). 
 
[2.9]  S. Ogura, C. F. Codella, N. Rovedo, J. F. Shepard, and J. Riseman: "A half-micron MOSFET using 
double-implanted LDD ," International Electron Devices Meeting (IEDM) Tech. Dig., pp.718-721, 
(1982). 
 
[2.10] T. Shibata, K. Hieda, M. Sato, M. Konaka, R. L. M. Dang and H. Iizuka: "An optimally designed 




[2.11]  M. Takahashi, M. Iwase, T. Mizuno, H. Niiyama, N. Yasuda and M. Yoshimi: "Anomalous 
resistance in 0.1 µm-region Ti-silicided poly-Si gate," 1993 International Conference on Solid State 
Device and Materials (SSDM),, pp. 458-460, Makuhari, Japan (1993) 
 
[2.12]  D · HSPICETM MOSFET Models manual, 4-12, Synopsys, March 2005 
	
÷  ﬀ ﬁ ﬀ  ﬁ ﬂﬃ  ﬀ  ﬃ ! " ﬀ ﬀ # $ % ! & ' ( ) ﬁ ﬀ *  + ﬁ ' ! & , ﬂ.- ! & ' ( ) ﬁ ﬀ / 0 1  / 2 3 4 ! & ' ( ) ﬁ ﬀ / % 5 56 / % *6 7 $  & , ﬂ- 8:9;=<>
 
 
[2.13] M. Miyake, T. Kobayashi and Y. Okazaki: "Subquater-Micrometer Gate-Length p-Channel and 
n-Channel MOSFET's with Extremely Shallow Source-Drain Junctions", IEEE Transations on Electron 
Devices, ED-36, No.2, pp. 392-398, (1989). 
 
[2.14] T. Mimura, K. Nishiuchi, M. Abe, A. Shibatomi, and M. Kobayashi: "High electron mobility 
transistors for LSI circuits," International Electron Devices Meeting (IEDM) Tech. Dig., pp. 99-102, 
(1983). 
 
[2.15] S. M. Sze "High Speed Semiconductor Devices,"  Willy & Sons (New York) 
 
[2.16]  ?@  ACB=DFE G CMOS HIJKLMNO P CMOS Q LSI LRJK   S 2 TVU WRXRY:Z P (1989) 
 
[2.17] [\^]`_.a bdcRefRgihRj kdlmg=hRnpo 11 qkr lmdsdtRu k (1984) 
 






 	  	 
 	 ﬀﬂﬁﬀﬃ "!
        ﬁ ﬃ  !        ﬁ ﬃ  !
        ﬁ ﬃ  ! (STI) #"$&% '
# $ % '# $ % '
# $ % '  
(&) *ﬀ+ﬂ,ﬀ) - ."/ 0ﬀ12&3 46578+ﬂ9ﬀ:
    ( ) * + , ) - . / 0 182ﬀ3 4 5 7 + 9 :    ( ) * + , ) - . / 0 1 2 3 4 5 7 + 9 :







; < = > @ B; < = > @ B




































































































































  	 > 
   	 > 
 
  	 > 























































































































































G H I J K
L M O P R S
L M O P W X
L M O P W X
L M O P Y Z
\ ] _ ` b c
d e f g h i j
L M O P R S
G H I J K
L M O P R S
L M O P W X
L M O P W X
L M O P Y Z
\ ] _ ` b c
d e f g h i j
L M O P R S
 
+






























































































































































































ULSI(Ultra Large Integrated Circuit, or Ultra Large 














































} 9¯ DRAM(Dynamic 
Random Access Memory) NU¢C£G{Cjm´ â? ³m÷  eGf^ = V ` 8ñ Öò?eGf i  gIh Ã¯P SRAM(Static 





































































































 Shallow Trench  "Shallow" qoUm DRAM  Cell xUoﬁﬀNNoﬃﬂ Deep Trench capacitor  trench T! "# µm $axQ&%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ŁVQq~ss RIE hﬃk)a&swN&NU&VxamQzs{s|&a)  
&
ﬀT Si(100) )ﬁ NNﬂsaﬃ¡&&¢a&£sTpﬀU'ﬃﬀNg4opkNtqr  
¤
nT}¥a¢¦<§<¨©$ﬁﬀUs£  
*Trench RIE damage 
*Surface orientation *Quality of liner oxide 
Quantitative analysis of interface states is 
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U Vℑ= 21 ωτω















































































































































































































































































































































































































CD              (3.15) 


































































































































































































































































































² ³ ´ µ · ¸ ¹ º » ¼ ½ ¾ ¿ À »ÁÂ Ã Ä ´ Å Æ² ³ ´ µ · ¸ ¹ º » ¼ ½ ¾ ¿ À » Á Â Ã Ä ´ Å Æ































































































































































































Nsub ~ 1 x 1017 cm-3
Trench Depth = 0.3 ~ 1.2 µm
Tox ~ 25 nm
(Trench Sidewall)




















0.3 ~ 1.2 µm 		




































































































































































































































































































































































































































































































































































































































































































































































































Low parasitic series resistance is required
G   =Re { Yit( ´
´ ´
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  Vg= -1.0 V
  -0.8 V
  -0.6 V
  -0.4 V
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Difference of Trench Depth
(Sidewall  Area)
100 kHz
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τm  at midgap
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3.13  plasma-assisted CVD SiN(p-SiN) × ä	 õﬁö Ó öﬁﬀ ñ [3.6] 















contain large hydrogen concentrations 
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without  p-SiN CVD















R verse Bias Volta  ( )
n+ / p-well                     
Area: 0.1 mm2
Perimeter Length: 41 mm
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Õ Vg ×	Ùu b × ä [3.5]   
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L >> Xc (3.20) 
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Vg = -1.0 V
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3 Cbt  Xc ¥ "6.7













































¶· ¹¸ =εSi / L, L: µ
¶
·º  depletion layer width)
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vT  ;?














3 band bending 3ÌÍ
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67$Ú¸ L-Xc)  λn »&¼
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nT(Xc)  Xc 3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σp ~ 5 x 10-18 cm2
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sub-0.25 µm pFET 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Leff w 0.10 µm lm=N pFET SGxAe  
EJF

























































































































È É É ËÈ É É Ë
È É É Ë
Ω µ





























































































È É É Ë
È É É ËÈ É É Ë
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deep junction kGl	 900 







































Shift & Ratio method[4.9] oDe §
sPÜ`=Eﬀ'











































































































































 Gate Oxidation ( 5 nm)
 Gate Electrode Formation
( Ge preamorphization  15 keV, 2- 5x10    cm   )
 S/D Extension Implantation
(BF  :  5 - 20 keV,  5x10     cm   )
 SiN CVD( 100 nm) & Gate Sidewall Formation
 S/D Deep Junction Implantation



































































































































Si îGïGÓ=S p+ ÷f SiN
ê
o 100 nm kGl § )	DSJß=e   SIMS äGå© SRA(Spreading 
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BF  : 5x10   cm
RTA: 900 C  30 sec.
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3 4 5 73 4 5 7
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âﬁã TEM(Transmission Electron 
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4.7 SiN CVD ×Á
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) with SiN CVD
& RTA 900 C  30 sec.
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Dose: 5.0 x 1014 cm-2
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(a) without Ge preamorphization (b) with Ge preamorphization
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õ
4.17 ö Ge þ~} r~ rrﬁùköﬁ÷ø p- S/D rkŁ>>ùr ß>rrù
SIMS rrkputrûk 0.15 µm pFET ù Vt roll-off rk Ge ùr  þ~} ~ r>rŁ¡¢
£
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Vd = -1.5 V
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                    
BF2  M¡¢£  ¡ ¢ £  ¡ ¢ £  ¡ ¢ £  Ge ¤¥¦§¨©ª«M¬I­¤ ¥ ¦ §  ¨ © ª « ¬ ­¤ ¥ ¦ §  ¨ © ª « ¬ ­¤ ¥ ¦ §  ¨ © ª « ¬ ­  Ge ¤¥¦§¨©ª«T®	¯¤ ¥ ¦ §  ¨ © ª « ® ¯¤ ¥ ¦ §  ¨ © ª « ® ¯¤ ¥ ¦ §  ¨ © ª « ® ¯  
  15 keV  5 °
° °
° 1014 cm-2     Lmin ±± ±±  0.225 µm Lmin ±± ±±  0.20 µm 
    10 keV  5 °
° °
° 1014 cm-2 Lmin ±± ±±  0.20 µm     Lmin ±± ±±  0.17 µm 
     5 keV  5 °
° °
° 1014 cm-2 Lmin ±± ±±  0.15 µm   N.A. 
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Tox = 5 nm
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4.19 2 5m gﬃh	=ﬁM2xyz
{ 
IBM 2 Taur nﬁ+Ł66<
8 Shift & Ratio =e62 MOSFET TEG  Test Element Group) 5`+	h [4.9] 

ml 	2 57	g6<	8ﬃ  
(1) 	6	m pFET 2 3  6¡	¢£¢	¤¥	¦	n Shift & Ratio  57g pFET 2§xyz { Rtot
2¨=e8  








S/D deep junction v626t¬®­¾z { Rsh Ã	h	Ï2 y Ô6Õnﬁ°s±	q²­Oz
{
Rc Ã		+=8  
(4) +hÃ g8p	q0	r stﬁusv62z { ¨   
                           )(
2
1
shctotext RRRR +−=             (4.4) 
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n5Ì 0.15 µm  pFET  Id-Vd Í5Î
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Sidewall Length= 100 nm
Vg = -1.5 V








Leff  .15 µm 
Tox = 5 n  
Sidewall Length = 1 0 nm 
Vg = -1.5 V 
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5.6 ¹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Base Tox= 1.2 nm















Low  N2 concentration
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Base Tox = 1.2 nm









5.8  ¾¿À nFET Á



















Tox= 1.2 nmTox = 1.2 nm
To = 1.0 nm






5.10:  ÐÑ8ÒÓÔÕÖ 1.0 nm × 1.2 nm ØÙÚ7Ø  









































V)L=10    m
σ
Vt (mV)


















L = 10 µm
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                      (a) nFET                                           (b) pFET 
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SiN gate sidewall 
& CoSi2 process 
2 gate sidewall 
 i i process 
SiO2  
& NiSi process 
SiN t  i  




















































































































































































Rs(CoSi2) = 6.8 (Ω/sq.)
Rs(NiSi) = 5.2 (Ω/sq.)
Vr=4.5 V, S=5x104 mm2, Perimet r=20 cm
+
-w ll( i i) p+/n-well(CoSi2)























































































(a) nMOS (b) pMOS 
CoSi2 process  
+  CoSi2 process  
+ BPSG 
NiSi process   
+ low te p.  
 
NiSi proc s    
+ low te .  
 
g (V) Vg ( ) 
HJIﬃK
L M:N
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o_JabQ Ioff = 100 nA/µm 
gQUU\zaﬃbQ}qQ
UŁU Ion q nFET \U Ion = 676 
µA/µm q pFET \U Ion = 272 µA/µm o_zad










 subthreshold swing)  nFET  pFET \






|u[aﬃbUQ¿QÀÁQÂU\±  [5.10-5.11]   
Zd nFET  pFET Ã
ÄUg Id-Vd {











































|í |Vdd| = 0.85V)  
pFET                               
Vdd = -0.85 V              
Ion= 272 µA / µm           
Ioff < 100 nA / µm            
S = 92.3 mV / dec.
nFET                               
Vdd = 0.85 V              
Ion= 676 µA / µm           
Ioff = 100 nA / µm            
S = 86.1 mV / dec.



























µ nFET                            
Vdd = 0.85 V                 
Ion = 676 µA/µm      
Ioff = 100 nA/µm       
S = 86.1 mV/dec.
pFET                            
Vdd = -0.85 V                 
Ion = 272 µA/µm      
Ioff < 100 nA/µm       
















































5.15  Id-Vd õ






























































(|Vd| = 0.85 V) 






































Vg = -850 
 



























































@Vd = 0.85 V





























(V) g ( )
nFET                                 
Gmmax=1220 S/mm             
Vd=0.85 V                        
pFET                                 
Gmmax=548 S/mm             












































































 (open symbols) 
( ­?®4¯I°4±?²?³´Mµ¶¸·C¹Cº?»?¼R½E¾?¿?ÀRÁCÂ   
ÃAÄ











|Vdd| = 1.0 V b UVWX b  v s nFET v Ion = 871 












S-factor z	gh ih 87 mV / dec.
c
98 mV / dec. jê
ª































nFET Vdd = 0.85 V Vdd = 1.0 V 
Ioff 100 nA / µm 141 nA / µm 
Ion 676 µA / µm 871 µA / µm 
Gm 1220 mS / mm 1240 mS / mm 
S-factor 86 mV / dec. 87 mV / dec. 
 
pFET Vdd = 0.85 V Vdd = 1.0 V 
Ioff < 100 nA / µm 80 nA / µm 
Ion 272 µA / µm 361 µA / µm 
Gm 548 mS / mm  577 mS / mm 
S-factor 92 mV / dec. 98 mV / dec. 
 


















































































































































































úûüýþß  |Vdd|= 1.0 V û
	  IRTS 2001 û 90 nm node CMOS  úû û
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opqW]rW6 SODEL FET ujst4  





ä6D4xWRBg#ysH=JWa SJET § Shallow Junction wEll 










FET(Fully Depleted channel FET: FD-channel 
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6.3 SODEL FET 3»
¼(½¾¿À
3 » ¼ ½ ¾ ¿ À3 » ¼ ½ ¾ ¿ À
3 » ¼ ½ ¾ ¿ À  
 Á




]=íB` [6.6-6.7] I=P FET PFe8GFçBsuWi
;
 
(1) U4F >ÂÃ  B ]=ý4þ body 8 § nFET ~sä% p O Si B«  
(2) Ò PRR8PRBB 8 § nFET ~zä% n- O Si 4k 8RBR¥zH.ÄIL6aBb8D  Z ~1017 cm-3 ut`WL6«  




















































































































(simulation á Lg = 70 nm). Body â¯ã!ä²å´æ²ç×è 100nm éàê²ë¯ì  
 
í í î








(1) p/n-/p ×8Ø 4D8x86REBGzH2JIL6BR8P





(2) ±4²BP68B¯R° A vBwWDR¢8F ; halo SóIVKúW]ôõji2aB  
(3) ¡WUWR > ß44P B½jut@8A4ÝBÞ8ß44PRàRáz]Wû6}zuIiKBÕBÖW} ³B´8µ Z4 å ¼§ Î 1018
cm
-3) k 8FB8BRO8U46 > DB`WL1I body 8 ]6EBGji2aB  










aIu$% (1) D8x86 ×8ØRÙ8Ú Cj 
ÛBÜ
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LF 4D Id-Vg BWDB¢86Bk¨8bF©Rª n- 4D8xBL6BB4]6EBG
































PF8zu4i2 S-factor )*R`WLF  




























OB~Iäj% normally-on type P
^F<
SRQ4DR~4LFaBbBk Vg = 0.0 

























L8Buta WLF  i2a

































































6.3 n- %ﬂ&'()ﬂ*+ Id-Vg ,- &.ﬁ/ ( 0123ﬁ465768:9ﬁ4<; =)ﬂ*+ ) 
n- >@? body ACB:DCE:FHGCICJLK:MCNPOCQHRCS >HT body ACBUNWVCXHAYB ?  
ZC[Y\
FH]C^CJLKH_C`:F S-factor TCaYb J:KCc  
dfeLg
h ijh
6.4  SODEL FET k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• Shallow Trench Isolation
• Channel dopant ion implant  (B or P)
STI  formation & LŁ @H@H Y
   Ł              Ł           
   Ł           
STI
• Counter type dopant implant  (As or BF2)




• Undoped Channel Si epitaxy by SEG
• Vt adjustment ion implant (B or As) 
undoped Si Epi & Vt adjustment implant






L¥¦C§ ¨@© UªL«¬Y­@®  

6.5 ¯@°U±U@UU²@³U  
´Uµ
¬@¶Y·¸U¹LºL»ª:«¬C­U®  
As 150 keV 0.5 ~ 1.0x1012 cm-2  or 
BF2  50 keV 1.0 ~ 2.0x1012 cm-2 

6.6   ¸¹@ºU»U ©¼½L¾
¬C¿UÀÁÂ:¶:Ã¼@¹:»@ Ä  
(Selective Epitaxial Growth: SEG)  
Vt ÅUÆ ion ­U®    
 
B  5 keV 1.0 ~ 2.0x1013 cm-2  
 Ç@²UÈ  
As  20 keV 0.5 ~ 1.0x1013 cm-2 




 c i it y by SEG 
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É É












































































































Kh[6ûüﬁýþß   
• Gate Dielectric & Gate Electrode formation
• S/D extension implant, Gate Sidewall 




• S/D deep junction ion implant 
• Activation RTA
• CoSi2 SALICIDE process
• Metallization
CoSi 2n+ S/D region
 
i





{zqvgG raised S/D }
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lrls  
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6.5  SODEL FET ß 	
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SODEL nFET SODEL pFET
C j  area (fF/µm2) @0.0 V 0.73 0.74
C j area (fF/µm2) @1.2 V 0.55 0.55
C j  field edge (fF/µm) @0.0 V 0.06 0.07
C j  field edge (fF/µm) @1.2 V 0.05 0.06
C j  gate edge (fF/µm) @0.0 V 0.19 0.17








































































































































































































































































Vsub = -0.5 V
Vsub = 0.0 V
Vsub = -1.0 V
Id
 



























































¡ ¢ £¡ ¢ £
¡ ¢ £
nFET 
























Vsub = -0.5 V
Vsub = 0.0 V
Vsub = -1.0 V
Id
 





















































































Î Body effect factor γ ³
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°ÛÜ







® γ < 0.02 (V 1/2) ÅÌ¯ã!­	¬¾ Î  ä
å
Øæçè FET Ø



























































6.13  L~ 70 nm pFET ì 3 í	îïð¯ñò	óô Id-Vg õö  
÷
Vsub = 0.0 V ( øGùVú û 0.5 V( üJùVú û 1.0 V
÷ ý
ùRú ú  
ë
6.14  δVt þ  (Vsub)1/2 ìß    ( L ~ 70 nm) 
Vsub = 0.0 V 
	 body effect factor γ 
  
SODEL FET  MOSFET ﬀﬂﬁﬃ  γ 	!"#%$&
ﬁ'  





















Vsub = 0.5 V
Vsub = 0.0 V

















( ) +( ) +
( ) +
pFET 










Vsub = 0.5 V
Vsub = 0.0 V




































L 9,:;*<>=?@*ACB8DﬀEF*G,H FET B
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6.15 V IPJ,KCL,MN* V,t,UgChYiPj,,P*Pk,,Ł8,hYj**kC]ﬀ]48> QCZ

T*c -0.8 V k Vsub
C ( ,n ) V W ?YX,E  kPP,B,k I,J, k,,Ł8,hYj 7 y,z  v,P;CC
*¡ 





































6.15  SODEL nFET kP,,CPk,,ŁCP,hYj8º*»,¼ L j  
 (L = 65 nm, Vd  = Vg  = 0.8 V, Vsub = 0.0 V & -0.8 V)  
½¾¿ÀÁÂÃÄÅÀ4ÆÇÈÉ































Depth (    m)
0.00.100.200.300.400.50
µ
L= 65 nm SODEL nFET
Vg=0.8 V
Vsub = 0.0 V & -0.8 V
Vsub = 0.0 V
Vsub = - 0.8 V







Simulation SODEL nFET                        
L = 65 nm   
Vg = 0.8 V 
Vsub = 0.0 V & -0.8 V 
Vsub = 0.0 V 
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  Lgn ~ 70 nm
ú
nFET  , Lgp ~ 100 
nm  pFET ﬀ
ﬁ Id-Vg ﬂﬃ "! 6.16 #$% |Vdd| = 1.2V & Ioff = 10 ~ 15 nA/µm '(ﬁ*)+
,-.
nFET '/ Ion = 886 µA/µm, pFET '/ Ion = -320 µA/µm 0123











@6A8B/ 1.2 V C
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6.16  SODEL FET  |Id|-Vg ﬂﬃ¯® Ln ~ 70 nm, Lp ~100 nm, |Vd| = 1.2 V) 






































Ion = -320 µA/µm
Ioff = -10 nA/µm
S = 80 mV/ dec.
Ion = 886 µA/µm
Ioff = 15.7 nA/µm





















Ion = 886 µA/µm 
Ioff = 15.7 nA/µm 
S = 8 /dec.
Ion = -320 µA/µm 
Ioff  -10.0 nA/µ  


















Vg =  


























6.17  SODEL FET 
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6.19  SODEL FET  Vt roll-off Ł0 Lmask = 120 nm  TEM 
jﬁ\





































6.19  SODEL FET  Vt  roll-off   (|Vd| = 1.2 V) 
ãåä"æèçêéìëåíî
nFET ï L = 70 nm ð pFET ï L = 100 nm ñåò"óêïêôêõﬁöø÷ù"úìûêü  
Vg=0.4 V












































































































6.18  Id-Vd þß  Vd  2 
	
  (d2Id / dVd2)    
(=   ﬀﬂﬁ  GD ﬃ Vd  ! 1 "#$% Vg = 0.4 V &  
'
ﬃﬂ()*ﬃﬂ+,.-






















































































































t SOI MOSFET u ­ IL





















A SODEL nFET u ­ I x U
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L SODEL FET B
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L SODEL FET B
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 6.22 SODEL FET o
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SOI MOSFET J SODEL FET K DC LMK NJO PQ  6.3 RSHT7UV Q  6.3 RW XYZ "=" [\ ]^  FET
K_ `aJ
bcdMePSfaJXg2h ijkal2Z "+" [mn Z "-" [onPpMqRSHT2UV  
SOI MOSFET RW XY [ZrsatuwvyxzXK{J
Z|} GOI ~ Gate Oxide Integrity) RKk_
`x2UO "  " JT2UV | Z  Ł  `7^RT2Y[\ ]^ FET RHT2Y SOI
[q R Rd V  
Body  RT2Y [7 ¡ ¢ xkKj £x Z| j Id-Vd LMRW¤¥ ^
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^  FET J fJ2m­MK® x¯{ °JR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= : even performance with bulk FET. 
+ : advantage.  - : disadvantage
PD-SOI FET SODEL FET
Substrate cost
- =
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( )ovjgejaoxtot CCCCC +++∗= 2                    (6.2) 
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Tpd (Inverter) ++ + +
Static circuit + + ++
Dynamic circuit + / - + / - ++
Noise immunity
- = / ? =
Analog circuit + / - = / + = / +




Complexity - = / + = / +
= : even performance with bulk FET. 
+ : advantage.  - : disadvantage
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* Isolation  
* Well / Channel dopant ion implant  
* Counter dopant ion implant                
   (for depletion region formation)  
* Channel Si epitaxy (selective,Tsi ~ 60 nm)  
* Vt adjustment ion implant  
* Gate dielectric formation (Tox ~ 1.1 nm)  
* Gate electrode formation (Lpoly ~ 30 nm)  
* Optional halo implant  
* S/D extension ion implant  
* Gate sidewall formation  
* S/D Deep junction ion implant  
* Activation RTA  
* NiSi Salicide process  
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~ 0.240.21 / 0.19Cj gate edge (fF / µm) @1.0 V
~0.450.33 / 0.47Cj gate edge (fF / µm) @0.0 V
~0.0550.049 / 0.044Cj field edge (fF / µm) @1.0 V
~0.060.056 / 0.047Cj field edge (fF / µm) @0.0 V
~0.80.55 / 0.55Cj area (fF / µm2) @1.0 V 
~1.10.66 / 0.83Cj area (fF / µm2) @0.0 V 




















































































Ioff = 33 nA/µm
pFET
Ion = 344 µA/µm
Ioff = 55 nA/µm
























































7.4 SODEL CMOS ÇﬀÈÉÊËÊÌÍÇﬀÎÏﬀÈÐÑÒ
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Ç È É Ê Ë Ê Ì Í Ç Î Ï È Ð Ñ Ò  
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Conv. bulk CMOSLg ~ 70 nm
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5-way stacked nFET Inverter
                            Experiment
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τpd ÎÏÐÑMÒÓ!Ô SODEL CMOS ÕÖ×















































































































































































































































































τpd %Ł5aaŁ SODEL CMOS  ŁaŁaaEŁŁ  





































Lg ~ 70 nm
EL CMOS




































































































































































τpd Æ SODEL CMOS

































































































































~ 30 % reduction of 
power-delay product 





































7.5 SODEL CMOS 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7.9 BSIM3v3 ﬁﬀﬂﬃ ﬃ !"#%$&'()* pFET +  
SODEL pFET  Id-Vd ,- ./10 23456785349:7;  
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~ - 23 %
Bottom
switching
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7.6  SODEL FET Y
Y Y
Y SRAM Z[ﬃ\^]_`a[bc
Z [ \ ] _ ` a [ b cZ [ \ ] _ ` a [ b c
Z [ \ ] _ ` a [ b c  
 
SODEL CMOS - LSI dﬃ-efghi3jk3lmﬁn%&op#q SRAM Cell r9sutv^wx3&    1 Mbit
- ADM( Array Diagnostic Monitor) j SODEL CMOS yzjﬁ0f|{u}~{uo [7.3, 7.4] ﬃ+- LSI ~
#r3o MOSFET yzﬃ 90nm *6'B-Ł:!6!ﬃ#%&ﬁ-ﬃ^uq  1.6 nm -9wﬁ-

























7.14  SRAM Cell TEG(Test Element Group) jf}§9wxo¨©ﬃª«Ł¬­ (butterfly curve) -



































Static Noise Margin(SNM) Q Û?WBX  
 

7.13 +~({o 1Mbit SRAM ADM -k3m¡ëì  
ŁZ
155
Static Noise Margin (SNM)   -¨©ﬃª«Ł¬­#íî%&ﬁïðñò-ð3ówr9suô3wx3&õ¦ 
7.14 ö-ñòjﬁ÷øù  SODEL CMOS - SNM j Vdd #$|{u}¡ﬃúm({uoﬃ-ﬃj

7.15 #º%
®¯° Vdd j 0.6 V ³ûü} SNM  95mV jﬁ¶ý({u}¸9uq

xﬃ 65 nm *6'Bþn*3úß
6- SRAM  9wxﬃ}ﬃ&9µ
	sﬁ6ß:ﬁ&  µr3o [7.7]   
 















7.16 #3wxﬃo Function Bit Rate µ Vdd -3jº% Function Bit Rate  Cell Array 
m(B#${}®({}ﬃ& m( -ﬀô%ﬃ&ﬃ+-~({uo SRAM ADM qﬁﬀﬂ+,
- MOSFET - Vt ﬃõ¦ 0.8V £ù q -!3 0.8 V û- Cell ®"9wxﬃ}#ﬃo$
{uq Vdd >= 0.85 V -%ﬀ&ﬃ 100% - function yield µ#}¸9¯°'ûﬃ#() fail bit -*,+
ò3.-39{uo3ﬁ} SNM -;<j./0%ﬃ&ﬃµﬁqﬁﬀﬂ+,- Vt 1ﬀ2 óo3ﬃ# 0.6 V ±²ﬃ³

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7.15 SODEL CMOS SRAM #¸ﬃ¹& SNM - Vdd VﬀW i  








































wsﬁ#qXﬃ#Y4Z9{uo SPICE  3«[6ﬃ©6ﬃjf}q SODEL CMOS SRAM -+,323)43576298
:j\]({o

-23)43576298:ﬁ BLT(Bit Line True) µ BLC(Bit Line Complement) -^-
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m(­ﬀ_ﬃ# 256 `ﬃ- Cell ab3j.c{uo³oa­dﬀeﬃfgh-opij{uo xk+l m(­
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7.17 SODEL CMOS SRAM à Cell áâ4à4ãäå,æwç,ã
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(1) SODEL CMOS SRAM  (CED*FGH&IﬃJ(KML0NO&ﬁ0ﬂ0 CMOS à0P*Q!K&RàSﬃS&T0UACED(V
SRAM áâ0WX%*Y(Z ﬁ0ﬂﬃà*[0\]  CMOS  ;6&7ACDXV&^ﬃ%_&`4àáâ0açXbﬀé;cX^ﬃ%*Y d  
(2) SODEL CMOS à*e0f&g0h*iﬃjﬃkﬀë0"0l!mnO!'M),+-0oﬃp0q*rﬃs!tnu0v&wﬀáâ0WX%*Y  
 
(1) qMﬁ0ﬂﬃx!yM^ﬃ% SRAM à&I&J0z&{XK|0U&WX%*"0^*}~m&0"*&0^ﬃ%MY PD-SOI CMOS à*ﬃf
q SRAM àáâaçXbﬀé&K;ﬃ0W%*}ﬃ0"0}ﬃH&I*J0&Ł(KMIX$&%ﬃﬃcX^ﬃ%McﬃO SODEL CMOS "
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S&}*¸0¹(º&»¼+½ﬃ¾ç*¿XÀà SRAM Áﬀáâ0c0Â*Ã&¥tEuD&%*Y©P SODEL CMOS SRAM ­
®
"
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cﬃ¤X;Ø0Ùq SRAM  XCnD0q*±&U"&H!yEH*Y ©Pﬃq STI Ú(K 0.30 µm O
well ¨ﬃÛ0ÜXK 0.28 µm O Cell Ýà*¨ﬃÛ0ÜXK 0.12 µm  EÞ0ßACnD 3 Ë0Ì0Í*[0Î&,ãäåæwç,ãlè.é&KM±*à
Cn}ﬃY  
ß
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%*YMEuXq³0ﬃà*[0\] CMOS à*0f! êﬃëﬃì´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ç + oﬃp0ï*ð τpd  power > delay ?XqﬃìM_ﬃ`ﬀà@=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